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Method and device for contactless measurement of a wall 
thickness 

The invention relates to a method for the contactless 
measurement of the thickness of transparent materials and a 
device for performing the method. The method is particularly 
suitable for the wall thickness measurement of container 
glass. 

Devices are already known for the automatic contactless or 
thickness measurement. (DD 261 832, EP 584673, US 4,902,903, 
US 3,807,870). These devices employ a laser beam, which is 
directed onto the object to be measured under a certain 
angle of incidence. 

The laser beam is partially reflected on the front side of 
the object to be measured. A further part of the beam is 
refracted into the material, reflected at the backside, and 
is again refracted at the front side such that two laser 
beams are reflected back from the object to be measured. The 
distance of the two back reflected laser beams is a measure 
for the wall thickness and is correspondingly evaluated. In 
most cases a line sensor is disposed in the beam direction 
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of the reflexes as an evaluation device. 

It is a disadvantage with these devices that they cannot be 
employed for the measurement of container glass. The surface 
of the container glass is not smooth when measured at the 
dimensions of the laser beam. The sharply bundled , parallel 
laser beam is randomly deflected at the relative uneven 
grained surface of the container. The reflexes of the laser 
beam, which in principle are to be employed for the 
determination of the wall thickness , thereby are frequently 
not reflected back in the direction of the receiving optics. 
Thus mostly no reflexes are available for the measurement 
value formation in the controllers. 

It is furthermore disadvantageous in connection with these 
known devices that the wall thickness measurement value is 
heavily influenced by the non-parallelity of the wall of the 
measurement object. The two reflected laser beams are 
propagated only then in parallel , in case the reflecting 
surfaces of the object to be measured are disposed in 
parallel. In the reflected surfaces of the object to be 
measured enclose that wedge angle, then the two reflected 
beams diverge or converge, whereby the measured value can be 
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falsified to such an extent that it becomes useless. 

A further erroneous influence is associated with the tipping 
between the measurement device and the measured object. It 
is not always assured in particular with measurements in 
connection with running production that the object to be 
measured is exactly positioned. The vertical to the surface 
at the measurement location can therefore deviate in 
practical situations by a tipping angle relative to the 
measurement direction of the measurement device. 

A device has already been proposed to compensate the 
measurement errors based on wedge shape of the wall and on 
tipping of the object to be measured (DE 4143186). The 
device also employs laser beams and is therefore also not in 
the position to deliver reliably reflexes at uneven surfaces 
of container glass. Thus the device is similarly not 
suitable for thickness measurements at container glass. 

It is further disadvantageous in connection with the 
conventional constructions that in case of heavily wedged or 
curved surfaces and simultaneously a limited aperture of the 
receiving lens, the reflexes cannot be imaged onto the 
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sensor. The reflexes are reflected back in the direction 
located outside of the opening of the receiving optics and 
the reflexes thereby are not available for forming a 
measurement value. 



It is an object of the present invention to furnish a method 
and a device for performing the method, which allow to 
obtain reliably reflexes even at non-ideally smooth surfaces 
of the measurement object and thereby measurement values, 
wherein the measurement values are not simultaneously 
falsified by wedge walls and tippings of the measurement 
object and which method and device delivers evaluable 
reflexes on the sensors even in case of heavily curved, 
wedged walls despite a limited aperture of the receiving 
optics. 



The object is accomplished according to the present 
invention in that the light is initially collimated and then 
focused onto the surface of the object to be measured under 
an angle of incidence relative to the vertical or normal of 
the surface. The two reflexes of the light, that occur at 
the front side and at the backside are imaged onto an opto- 
electronic image resolving sensor. At the same time the 
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light from a second illuminating surface is also initially 
collimated and in the following focused onto the surface of 
the object to be measured under an angle of incidence , 
wherein the angle of incidence corresponds angle of 
reflection of the reflected beam from the first illuminating 
surface. The reflexes of the second light beam are imaged 
onto a second opto-electronic image resolving sensor* The 
average value of the distances of the respective two 
reflexes on the opto-electronic image resolving sensors are 
determined as a measure of the wall thickness in a following 
controller. 

The essence of the invention comprises to image illuminating 
surfaces onto the surface of the object to be measured. The 
impingement of the surface of the object to be measured 
occurs from the most different directions of incidence by 
employing a diffusely illuminating surface instead of a 
sharply bundled laser beam. The course of beams out of an 
illuminating surface, wherein the course of beams is focused 
on the surface of the container, contains a large bandwidth 
of light bundles, which impinge onto the container surface 
from different angles of incidence. This assures that parts 
of the course of the beams are always reflected back into 
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the receiving optics despite the grained, uneven surface of 
the object to be measured, even though other bundles out of 
the beam course are not available based on these surface 
defects. Thus always two reflexes are generated on the opto- 
electronic image resolving sensor • 

Furthermore the measurement errors based on wedge shape and 
tipping are compensated by a second optical system, which 
exhibits the identical construction of the first system, 
however, operates with a reversed beam direction and the 
imaging of the reflexes onto the sensors is assured based on 
the widely opened beam bundles even in case of heavily 
curved surfaces and wedged walls despite limited aperture of 
the receiving optics. 

The advantage of the invention comprises that it allows a 
reliable measurement at grained, uneven surfaces, that 
measurement errors based on wedge shape of the wall and 
tipping of the object to be measured are avoided as that it 
becomes possible to work with limited apertures of the 
receiving optics and that thereby size of the measurement 
arrangements is kept within a justifiable frame. An 
embodiment example of the invention is shown in the drawing 
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and is explained in more details in the following. 

The illuminating surface 11, which for example is realized 
by a line shaped light exit opening of a light guide, is 
followed by lens 12. This lens generates a parallel beam 
from the diverging beam exiting from the illuminating 
surface 11, wherein he parallel beam is directed into the 
objective 14 through the semi permeable mirror 13. The 
objective 14 focuses the beam onto the surface of the 
container 1 under an angle of incidence. Two reflexes are 
reflected back from the surface of the container 1 from the 
front side and from the inner side of the container. These 
two reflexes are imaged through the objective 24 and through 
the semi permeable mirror 23 and further through the lens 25 
onto the line sensors 26. The controller 3 is disposed 
following to the line sensor 26, wherein the controller 3 
determines the distance of the reflexes and uses the 
distance of the reflexes as a base for the further 
calculation of the wall thickness. 

At the same time the lens 22 is disposed following to the 
illuminating surface 21, wherein the illuminating surface 21 
is again realized by a line shaped light exit opening of a 
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light guide. Again this lens generates a parallel beam from 
the diverging beam which exits from the light guide 21, 
wherein the parallel beam is directed to the semi permeable 
mirror 23 into the objective 24 , wherein the objective 24 
also focuses the beams under an angle of incidence onto the 
surface of the container 1. This angle incidence corresponds 
to the exit angle of the reflexes from the first 
illuminating surface 11. Similarly two reflexes derived from 
the front side and from the inner side of the container are 
reflected back from the surface of the container 1. These 
two reflexes are imaged through the objective 14, through 
the semi permeable mirror 13 and further through the lens 15 
onto the line sensor 16. The line sensor 16 is again 
connected to the controller 3, wherein the controller 3 also 
determines the distance of these two reflexes and uses the 
distance of these two reflexes as a base for the further 
calculation of the wall thickness. The wall thickness is 
finally determined by an averaging of the distances of the 
reflexes on the two sensors 16 and 26. 

The beams coming from the illuminating faces 11 and 21 are 
composed of light bundles, wherein the origin of the light 
bundles lies in each case at different points of the 
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illuminating surface. The different bundles of the beams 
therefore have different inclination angles relative to the 
surface of the object to be measured. Therefore the grained , 
uneven surface of the object to be measured will deflect 
only those bundles of the beam from the ideal direction of 
reflection, which impinge by chance with an unsuitable 
direction of incidence. In contrast other bundles of the 
beam are reflected into the direction of the receiving 
optics despite the surface defects and contribute there to 
the formation of the two reflexes on the sensors 16 and 26. 
If a laser beam would be employed for generating the two 
reflexes at the outside and at the inside, as it corresponds 
to the state-of-the-art, then one would in most cases obtain 
no reflexes on the opto electronic receiver, since the 
narrowly bundled laser beam, which impinges the object to be 
measured always from the same angle of incidence, is 
deflected stochastically at the unevennesses of the surface 
in the majority of cases. 

The measurement errors based on wedge shape and tipping are 
compensated by directing the light from two illuminating 
surfaces and from opposite directions onto the object to be 
measured, wherein the exit direction of the first beam 
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corresponds to the direction of incidence of the second 
beam. 

The construction of the beams employed for measurement from 
a broad spectrum of differently inclined bundles has finally 
the consequence that even in case of heavily wedged or 
curved surfaces and simultaneously a limited aperture of the 
receiving objective , the two reflexes can always be formed 
on the sensor. In fact bundles are reflected back from the 
beams such as that they miss the receiving optics f however, 
other bundles contribute to an image generation on the 
sensor f such that it is possible to work also with limited 
apertures of the receiving optics. 
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Invention claim 



1. Methods for contactless measurement of the wall 

thickness of transparent object to be measured by employing 
of light sources, lenses, deflection mirrors or deflection 
prisms, semi permeable mirrors as well as line sensors and a 
controller, characterized in that the light from the 
illuminating surface (11) is initially collimated and in the 
following focused onto the surface of the object to be 
measured ( 1 ) under an angle incidence relative to the normal 
of the surface, wherein the two reflexes of light, which 
reflexes occur at the front side and at the back side, are 
imaged furthermore onto the opto-electronic image resolving 
sensor (26) and wherein the light from the second 
illuminating surface (21) is simultaneously also initially 
collimated and in the following focused in the direction 
toward the surface of the object to be measured (1), wherein 
the direction toward the surface of the object to be 
measured (1) corresponds to the exit direction of the light 
from the illuminating face (11), and wherein furthermore the 
reflexes of the second beam are imaged onto the second opto- 
electronic image resolving sensor (16) and wherein the 
average value of the distances of the respective two 
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reflexes on the two opto-electronic image resolving sensors 
is evaluated as a measure of the wall thickness in a 
following disposed controller (3). 

2. Device or contactless measurement of the wall 

thickness of transparent object to be measured employing 
light sources, lenses, semi permeable mirrors or semi 
permeable prisms as well as image resolving sensors and a 
controller, characterized in that the lens (12) is disposed 
following to the first illuminating surface (11), wherein 
the semi permeable mirror (13) is disposed behind the lens 
(12) in such way that the light is reflected into the 
objective (14) and is further focused onto the measurement 
object (1) and wherein furthermore the objective (24) is 
disposed such that the objective (24) together with the lens 
(25) images the beams reflected at the object to be measured 
onto the sensor (26) through the semi permeable mirrors (23) 
and wherein the lens (22) is simultaneously coordinated to 
the second illuminating face (21), wherein the semi 
permeable mirror (23) is disposed following to the lens (22) 
in such way that the light from the second illuminating face 
is focused also onto the object to be measured (1) the 
objective (24), wherein the direction of incidence of the 
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light corresponds to the exit direction of light from the 
first illuminating face and wherein the reflexes are imaged 
onto the sensor (16) through the objective (14), wherein the 
controller (3) is connected following to the two sensors. 

3. Device according to claim 2, characterized in that 
the illuminating faces (11) and (21) are light exit openings 
of light guides. 

4. Device according to claim 2 and 3, characterized in 
that the light exit opening of the light guides is formed of 
line shape. 

5. Device according to claim 2, characterized in that 
the illuminating faces (11) and (21) are lasers with beam 
expansion optics. 

6. Device according to claim 2, characterized in that 
the illuminating faces (11) and (21) are light sources with 
the predisposed slot diaphragms. 
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IH TBS UNITED STATES PATENT AMD TRADEMARK OFFICE 

Applicants Bernd Kiesslx&g et al* 

Serial Art Units 

Filing Date: 

Title; CQNTACTLESS MEASUREHEOT OF WALL THICKNESS 

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
Erklarung Far Patentaraneldungen Mlt Vollmacht 
German Language Declaration PofcZll 

Als nanhstehend benannter Erfinder erltlsre ich hiermlt aft 
Eidesstatt; 

As a below named inventor, I hereby declare that; 

dap mein WohnsitE, meine Postanschri f t and meizi<? StaatS- 
angehsrigkeit den im Nachstehenden nach meinem Kanten auf gefuhrten 
Angaben entsprechen, 

My residence, post office address and citizenship are as stated 
below next to sty name, 

dap ich, nach bestem Wiss^n der ursprufcgliche, erste und 
alleinige Erfinder (falls nachstehend nur ein Name angegeben 1st) 
oder ein ur sprunglicher , erster und Miterfinder (falls 
nachstehend mehrere Hamen aufgefuhrt sind) 4es Gegenstandes bin, 
far den dieeer Antrag gestellt witd und fur den ein Patent 
boantragt wird far die Erfindung mit dera Titel; 

Herahrung siose Messung der Wanddicke 

1 believe X am the original f first and sole inventor (if only one 
nmne is listed below) or an original, first and joint inventor 
(if plural names are listed below J of the subject matter which is 
claimed and for which a patent ie sought on the invention 
entitled: 



CGNTACTLESS MEASUREMENT OF HALL THICKNESS 

aSkreuzen) SChreibUnq UUr * ln * S der nAChfoI ^nden Kitchen 
the specification of which (check only one item below) 
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*\> hier beigefugt ist* 
is attached hereto, 

< > am als U.S . -Amneldung, Seriennummeg 

gereicftt wurde uad ain ___^abg«H ndert wurde {fall* 

tatsschlich abge&ndert). 

was filed as US Application Serial Ko. 

on and was amended on ~ (li applicable) « 

<X> am 23- Harz 1999 als international PCT-Anmeldung, Nuauner 
PCT/DS99/00834 eingereicht wurde und am 24* Mai 2000 unter PCT- 
Artikel 54/36 abgeandert wurde {falls tafcsachlich abgeandert). 

was filed as PCT international application. Humher PCT/DB99/00834 
on 23 March 1999 and was amended under PC* Article 34/ 3ft on 24 
May 2000 (if applicable) 

loh bestatig© hiermit r dap ich den Inhalt der oblgen 
Patentanmeldung einechiiefrlich der Anspruche durchgesehen und 
verstanden habe r die eventual 1 durch einen Zusatzantrag wie oben 
erwahnt abgeandert wurde, 

I hereby state that I have reviewed and understand the contents 
of the above-identified specification, including the claims, as 
amended by any amendment referred to above. 

Teh erkenne meine Pflicht zur Offehbarung jeglicher Infoxroationen 
an, die zur Prafung der Patent f a higkeit In Einklang mit SMtel 37, 
Buhdesgeset2buoh {Code of Federal Regulation), f 1.56 von Be lane 

I acknowledge the duty to disclose Information which i© material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56, 

Ich beanspruche hiermit auslandische Priority tavorteile gems? 
Abschnitt 35 der Zivilprozepordnung der Vereinigten Staaten, 
Paragraph 119 jeglichej; unten angegebenen Au^landaaiuneldung(en) 
fur em Patent oder Erf inder surkunde oder jeglicher 
interr-ationaien FCT=AniReldung{en} , welche inindestens ein Land 
ausser den Vereinigten Staaten benennt, und habe auch jegliche 
Au«landsanmeldung(en} fur ein Patent oder Erf indersurkunde oder 
jegliche Internationale PCT-Anmeldung{eu) , welche mindestene ein 
X,and ausser den verexnxgten Staaten benennt, nachstehend 
gekennzeichnet , welche von mir fur den gleichen Gegenstand 
eingereicht wurde und ein Anmeldedatum haben, das vcr dem 
Anmeldedatun* der Amneldung liegt, far die Prior its t beansprucht 
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I hereby claim foreign priority benefits under Title 35, United 
States Code/ §1X5 of any foreign application^} for patent or 
inventor's certificate or of any PCT international application s) 
designating at least one country other than the United States of 
America listed below and have also identified below any foreign 
application (s) for patent or inventor's certificate or any PCT 
international application (s) designating at least one country 
other than the United States of America filed by xne on the same 
subject matter having a filing date before that of the 
application (s) of which priority ie claimed t 

PRIOR FOREIGN /PCT APPLICATION (S ) A»P ANY PRIORITY CLAIMS UNDER 
35 XJSC 119: 

FRO HERE ADSLANDISCHE/PCT ANMELDUNG (EN) UND JSG&ICBE PRIORITAT UHTER 
35 USC 119s 

Country Application Ko. Date of Filing 

(if PCT, indi- (day, month/ year) 

cate PCT) 

Juand {falls Anmeldungs- Anmeldedaturo 
PCT. PCT nxumaar t^ag f Mcnat, Jahr) 

angebfcn) 



Priority Claimed 
under 35 use 119 



Prioritat unter 
35 USC 119 
beanspruoht 



Gen&^ny 



198 18 190.6 



23 April 199* 



<X>Ye» 
Ja 



Nain 



Ich beanspruohe hiermit geingfS Absatz 35 der Zivilprosc&ordnung 
der Vereinigten Staaten, Paragraph 120 f den Vorzug jeglicher 
unten aufgefuhrten U.S*-Anme Idling (en) oder die USA benennende 
international© (n) PCT-Anmeldung ( en } und falls der Gegenstand aus 
jedem Anspruch dieser Anmeldung nicht in dieser/diesen fruheren 
Patentanmeldung(en) laut dam ersten Paragrephen dee Absatzes 35 
der Zivilproze^ordnung der Vereinigten Staaten, Paragraph 112 
offenbart ist, erkenne ich gexrmfr Absata 37, Bundesgesetsbuoh, 
Paragraph 1- 56(a) meine Pflicht zur Offenbarung von Informationen 
an, die zwischen dem Anmeldedatum der fruheren Annteldung(en) und 
dent nationalen oder intezrnationalen PCT Anmelded^tum dieter 
Anmeidung bekannt geworden sind» 



I hereby claim the benefit under Title 35 , United States 
Code, §120 of any United States application ( s ) or PCT 
international application ( s ) designating tbe United States 
of America that is/are listed below and, insofar as the 
subject matter of each of the claims of thi» application i© 
not disclosed in that /those prior application { si in the 
manner provided by the first paragraph of Title 35 , United 
States Code, §112, I acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal 
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Regulations. §1, 56(a) which occurred between the filing date 
of the prior application ( s ) and the national or PCT 
international filing date of this application: 

FRIOE U-S- APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING 
THE U.S. FOR BENEFIT UNDER 35 VSC 120 r' 

FRtiHERE AMERXKANISCHE A8ME&DUNGEN ODER DIE USA BENBNNENDE 
INTERNATIONALE PCT-ANMELDUNGEN FOR VORRJECHT UNTER 35 USC 120 

U.S. APPLICATIONS STATUS (Check one) 

UtS. Application NO* U.S Filing Date Patented Pending Abandoned 

AMERIKANISCHS A8MELDUNGEN STAND (ein K&stchen ankr©u:*en} 

Seriennunsmer Azuiteldedatum Patentiert Anh&ngig Auf gegeben 

< > < > < > 

PCT APPLICATIONS DESIGNATING THE U*S. 
PCT Application PCT Filing Date U.S.Ser.Nos* 
Number assigned (if any) 

DIE USA BENENNENDE PCT~AKM£LDUNGEN 
PCT-AjH&eide- PCT-Anmeldedatum 3ugeteilte Serien- 
nusamer nuiamem (falle zutreff end) 

< > < > < > 

VERTRET0NGS VOLLMACHT : Als benannter Erfirider beauftrage ich 
hiermit den nachstehend bsnannten Patentanwalt (oder die 
nachstehend benannten Patentanwslte) und/oder Patent -Agenten mit 
der Verfolgung der vorliegenden Patent amneldung sowie niit der 
Abwicklung aller d^mit verbundenen Geschsfte vor dem Patent- und 
Warenzeichenaxnt; (Name und Regis tr*tionsnuimner anfuhren) 

POWER OF ATTORNEY; As a named inventor, I hereby appoint the 
following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith- (List nan&e and registration number) 

Boret M. Xa$par (Reg. Ho. ^28,559) 
Richard T. Laughlin (Reg* ^&rT7£264) 

Telefongesprsche bitte richten an: (Name und Telefonnummer) 
Direct Telephone Calls to; (Naiae and telephone number) 

Jtorg^ju Kaaper (908) 757-2839 

Postanschrift: 

Send Correspondence to a 

13 Forest Driv e , Warren, ^^J^J^Sl^ *> 
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Ich erklare hiermit, da§ alle von rnir in der vorliegenden 
Erklsrung genachten Angaben nach meinem besten Wissen und 
Cewiseen der vollen Wahrheit entsprechen, und dap ich dieee 
aide ss tattliche ErkUrung in Kenntnis deasen abgebe, dap 
wissentlich und vorsatszlich falsche Angaben cjeina($ Paragraph 1001, 
Absats 18 dor 2ivilpro2epordnung der vereinigten Staaten von 
Amerika init Geldstrafe belegt und/oder Ge£&ngnis bestraft werden 
kdnnen, und da|S deraxtig wissentlich und vorsfctzlich falsche 
Angaben die Gultigkeit der vorliegenden Patent a nine Idung Oder 
eines darauf erteilten Patentes gef&hrden ksnnen. 

I hereby declare that all statement e made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true? and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 100 1 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
therecn. 

Voller Kame des ein2igen oder ursprunglichen firfinders: 

Full name of sole or first inventor i 
BerndLEi^sUJEya * 

Onterschrift des firfinders Datum 

Inventory signature Date 




•■•*««* « t * 



Wohneita 

Residence 
D-98704 Langewiasan 
Germany -pgp ^ 

t staatsan^eh&rigkeit 
Citizenship 
Germany 

Postansohrift 

Poat Office Address 

Gehiranor Strasse 16 
D-98704 Langewieaen 
Geraany 

Voller Naiae des ^weiten Brfinders {fails vorhanden) * 
^ ^ ^ F **il name of Second inventor if anyt ' 
yj) Peter Bensann 
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unterechrift x*es Erfindexs Datum 

InY^ntor^S signature Date 

Va^A/A I stl- ***** 



/My. 



Wohnsitz 

Residence 
D-99326 Stadtilm 

Staatsangehsrigkeit 

Citizenship 
Germany 

Postanschxif t 

Post Office Address 
Baurnalles 23 
B-99326 Stadtilm 
Genaany 

Voller Name des dritten Erf inders (falls vorhanden) : 

Full name of third inventor if any: 
Carsten Tuch 

ynterscnrift des Brfinders Datum 

Inventor's signature Date 

Wohnsitz . 

Residence 
D-79701 HerscMo^f 

' Staatsancfehsrigkeit 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Geschwietor-Scholl-Strasse 37 a, 
D-98701 Herachdorf 
Germany 

PT# 1391 (10-83) 

*%ptO:genade(PQh21 IDE (October 17, 2000 (th 
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